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Radiation Source for Endovascular Radiation Treatment 

^ whxch «d^on source con^rises .diation en^tting elements and is suitable 

' ^^"^^^ " ^^^^ " ---^ vascular 
^ Of a patient. Tl. invention fiartber relates to an apparatus for va^^ 
treatment usmg said radiation source as well as a method of treatment. 

BACKGROUND OF THE INVE^r^ON 
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passageway and increased bloodflow. After such extension, the balloon is deflated and 
the balloon catheter removed. 

Long term success of balloon angioplasty procedures is largly limited due to restenosis 
or re-closing of the intraluminal passageway through the artery by formation of scar 
tissue. Restenosis is experienced in approximately 30 to 50 % of the patients within six 
months after balloon angioplasty. Apparently restenosis is to a significant extend a na- 
tural healing response to the vessel injury caused by inflation of the angioplasty balloon. 

Injury of a vessel typically initiates the bodies own natural repair and healing process. 
During the healing process, fibrin, and plathelets rapidly accumiilate hi the endothelium 
and vascular smooth muscle cells proliferate and migrate into the intuna. The formation 
of scar tissue by smooth muscle proliferation (hyperplasia) is believed to be a major con- 
tributor to restenosis following balloon angioplasty of the coronary artery. 

Prior attempts to inhibit restenosis have included the use of various light therapies, 
chemotherapeutical agents, stents, arterectomy devices, hot and cold lasers and so on. 
The most promising approach to inhibit restenosis is the use of radiation therapy, i.e. the 
exposure of the restenotic site to ionizing or radioactive radiation. 

Although radiation therapy in general has been applied advantageously, the devices avail- 
able for delivery of radiation sources and the radiation sources themselves have certain 
drawbacks which limit their usefulness. Typically, the devices include a catheter, which 
is directed by way of a guide wire inserted Oierein to the site of treatment. The catheter 
is then used to internally direct the radiation source to the site of treatment and to retract 
the same after a predetermined treatment time. 

One typical problem encountered with the catheter and/or the radiation source is related 
to stifEaess of the source which is directly proportional to its length. Therefore, to allow 
the radiation source to travel along the bends of a vessel, typically shorter sources are 
used and the so-called "stuping treatment" is applied to achieve radiation treatment of 
the entire site. Since, however, very exact positioning is not possible in a constantly 
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SUMMARY OF THE INVENTION 



These and other objects are achieved by the radiation source as defined in the appended 
claims. In a first aspect the invention relates to a radiation source for use in radiation 
treatment which comprises one or more and preferably at least two treating elements 
(seeds) comprising a radiation emitting element and means for containment of said radia- 
tion emitting element, which radiation source is characterized in that the seeds are se- 
quentially, directly and movably linked to each other and/or to the transfer wire. There- 
by the seeds form a flexible radiation source, preferably a flexible elongated radiation 
source. 

The means for containment of said radiation emitting element can be a capsule, pre- 
ferably comprising a metal. Preferably the seeds have an elongated shape. In a preferred 
embodiment the central axis of the radiation source essentially parallels the elongated 
axis of the seeds. 

According to a preferred embodiment the seeds are linked by magnetic forces to each 
other and/or to the transfer wire. 

According to another embodiment the seeds are mechanically linked to each other and/or 
the transfer wire. In a preferred embodiment the linkage is made mechaiiically and mag- 
netically. 

In one preferred embodiment of mechanical linkage the seeds comprise male and female 
means for coupling which female means for coupling receive the male means for 
coupling of the foUowixig or proceeding seed in the radiation source to form a flexible 
joint. Preferably the male and female means for coupling are on opposing sides of the 
seed, even more preferably they are opposed to each other at the longitudinal ends on 
the end caps of the seed. 

According to another preferred embodiment at least two seeds are linked to another by 
way of a single flexible joining member extending throughout the entire length of the ra- 
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-v*,y anacbed „ each other ar^or .he transfer wire ,o fonrr a flexihie 

which can be moved arough said h„»n of .he catheter 
(0 moving said r^on source to said dista, end portion p«ferab.y by use of a 
transfer wire. 
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(d) maiTitaining said radiation source at said distal end portion for a determined 
period of time, and 

(e) retracting said radiation source to the proximal end portion preferably by way of 
a transfer wke. 

Preferably a radiation source as defined above is used. 

Preferably moving and/or retracting in steps (c) and/or (e) is achieved by pushing or 
pulling the radiation source. 

According to a preferred embodiment, the seeds are linked to each other by magnetic 
forces and the transfer wire comprises a magnet to magnetically effect said pulling of the 
radiation source in steps (c) and/or (e). In an alternative embodiment, an external mag- 
netic field may be applied to move the radiation source comprising seeds linked to each 
other by magnetic forces. 

According to another embodiment the transfer wire may comprise a male or female 
means for coupling and a radiation source comprising such male and female means for 
coupling is linked to the transfer wire by engagement with the complementary means for 
coupling on the terminal seed thereof. 



BRIEF DESCRIPTION OF DRAWINGS 



Fig. 1 



shows schematically a radiation source of the invention comprising 
magnetic seeds; Fig. la to Ic showing various shapes of seeds to 
be employed. 



Fig. 2a to 2c 



schematically show a radiation source of the invention comprisiog 
seeds with male and female means for coupling. 



Fig. 3a and 3b 



schematically show a radiation source of the invention wherein the 
seeds are mechanically linked by a joining member. 
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^ ^ ^ schematic view of the csttht^t,^^ »u 

, . ' ""^ ^^^'^^^^ of the apparatus according to 

the invention. 

DETAILED DISCLOSURE OF THE INVENTION 
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tational movement, bending or movement of one seed out of the axis of the central axis 
of the radiation source (the preceeding seeds still having their axis essentially parallel 
thereto), longitudinal movement of one seed away firom the other without interruption or 
breaking the linkage, any type of vibration and so on, provided that the link between the 
seeds is not interrupted. The term "linked", "attached" and "joined" or the expression 
"linkage", "joined" and "coupling" are tised interchangeably and refer to the inter- 
connection between the seeds as defined above. 

The radiation source of the present invention comprises one or more and preferably at 
least two treating elements or seeds. Tjrpically the number of seeds comprised in this 
radiation source is chosen to cover the desired length of the vessel to be treated. 
Preferably the radiation source will cover a mmiber of seeds sufficient to provide a 
radiation source of at least 2 nmi in length, preferably 10 to 50 mm in length, more 
preferably 20 to 40 mm in length. With the term "sequentially" it is meant that the seeds 
are linked to each other to form a chain of seeds. This does not exclude embodiments, 
wherein multiple e.g. 2, 3, 4 etc. smaller seeds are arranged in parallel and are then 
linked sequentially, directly and movably to the following duplett, triplett, quadruplett 
and so on. 

Typically the individual seeds will have a length in the range of 1:0 to 10.0 nmi, more 
preferably 1.5 to 4 mm and most preferred 2 to 3 mm. 

Preferably the seeds are of the elongated, more preferably cylindrical shape and have an 
outer diameter of the means of containment thereof in the range of between 0.2 and 1.0 
mm, preferably between 0.3 and 0.8 mm.^ Preferably the seeds comprise roimded 
(rounded edges of a generally flat end cap) or spherical end caps on one or both ends 
thereof. 

The means for containment typically is a capsule. This capsule may be elongated, and 
may be hollow cylinder or tube comprising a first and a second end plug, but may have 
any shape suitable for forming seeds such as spheres, ellipsoids, doughnuts, cones, flat- 
end-tubes, disks, cubes etc., provided it comprises a cavity for receiving and enclosing 
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The seeds are prepared by introducing the radiation emitting element into the means for 
containment made from the appropriate material and closing the same, e.g. by fixing the 
second end plug, e.g. by welding. The seeds may then be magnetized by applying an 
external magnetic field. Or the means for containment may be closed with appropriate 
end plugs having male and female coupling means. 

The amount of radioactivity is typically in the range of 0.45 to 25,000 mCi per centi- 
meter of vessel to be treated, depending on the radiation source used. The emitted radia- 
tion should be sufficient to deliver a desired dosage of from 100 to about 10,000 rads, 
preferably about 700 to 5,000 rads in a about 2 to 10 minutes to the tissue to be treated. 



According to a preferred embodiment the radiation source is characterized in that the 
seeds are attached to each other by magnetic forces. According to this embodiment the 
seeds are held together by way of attracting magnetic forces e.g. forces exerted between 
the metallic capsules as means for contaiiunent of each seed. In this embodiment the 
means for contaiimient is preferably made from a magnetic material such as Ni, Fe, Co, 
stainless steel, and Mn. According to another embodiment the means for containment 
may be made of a magnetizable material which is then magnetized by applying a mag- 
netic field. The magnetic field can be applied immediately after production of the seeds 
or just before to use thereof. The magnetic field can be applied either by way of a per- 
manent magnet or by an electromagnet. ^ 

In a preferred embodiment shown in Fig. 1 the magnetic seeds (1) are attached in north- 
south orientation. Thereby they form an elongated chain of seeds as the radiation source. 
More preferably the seeds of this chain comprise a means for containment (2) having 
rounded (3a) or spherical (3b) end caps (3) on one or both ends to allow smooth bending 
characteristics and improved magnetic adhesion of the seeds during bending of the' chain. 

In Fig. lb an embodiment is shown wherein the means of containments having rounded 
end caps (3a) are spaced apart by magnetic spheres (3c). 
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According to another embodiment of mechanical linkage, the male means for coupling 
is a hook and the female means for coupling is a second hook or a loop. In all cases 
both means for coupling may engage with each other or with a spacing member such as 
a ring, an empty means for containment or other member of a chain. 

In case the coupling means and/or the containment means are made from a magnetic or 
magnetizable material, the seeds can be linked magnetically and mechanically. 

According to another CTibodiment of mechanical linkage the one or more, preferably at 
least two seeds are linked to each other and/or to the transfer wire by way of a single 
flexible joining member extending throughout the length of the radiation source. As 
shown in Fig. 3a and 3b the joining member (10) preferably is a flexible string which 
extends through openings (11) in the seeds (1). Preferably these openings are central 
openings in each seed as shown in Fig. 3a, but may also comprise one or more lateral 
or circumferential openings of each seed (see Fig. 3b). The string is preferably made 
from a flexible material resistant to degradation by the emitted radiation. As an example 
nylon, acrylics, and metals such as Fe, Ti/Ni-alloys or alvuninum alloys are mentioned. 
To prevent the seeds from being separated from each other they may be fixed on the 
joining member or the joining member may act as a means for holding them together. 

All of die above linkages provide a chain of se^s or "train of treating elements" as a 
radiation source which allows for movement of said radiation source either by pushing 
or pulling at the temiinal elements of the chain. The single seeds are linked to each 
other and preferably to the transfer wire with sufficient strength to allow such pulling 
movement without the radiation source being split up into its individual parts. On the 
other hand, the links between the seeds may be created or interrupted by the appropriate 
manipulation of each link. Thus, a radiation source of the desired length can be created 
and the length can be chosen appropriate for the intended use. At the same time the 
length of the source is not limited by its stiffiiess or rigidity due to the flexible joints. 
Thus, the radiation source of the invention allows for a one-step radiation treatment of 
elongated segments of a vessel. 
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is such that it pennits movement of the seeds and helps to direct the radiation soiirce. 
The cadieter may have a coating, e.g. of Teflon or other suitable material to reduce 
friction upon movement of the radiation source. Likewise the catheter may be filled with 
a suitable liquid such as sterile water, PBS etc. 

The catheter may not have sufficient strength or torsional rigidity for insertion along a 
lengthy serpentine vascular path and may then require use of a guide wire which ist then 
arranged in a separate lumen. Typically angioplasty procedures result in a distance 
between the percutaneous entryport and the coronary artery of approximately 90 to 120 
^ cm, the length of the catheter corresponding thereto. 

To assist in positioning the distal end portion (13a) of the catheter (12) at the desired lo- 
cation or site to be treated, the catheter may be advanced over a guide wire (IS) that is 
preinserted to the desired location in the manner well known in the art. The guide wire 
is one commonly used in prior art and can be made from any suitable type of metal, pre- 
ferably memory-resistant metals, i.e. materials that can accept up to a 1 % strain with 
less than a 1 % permanent alteration in its original configuration. Preferred materials in- 
clude nickel-titaniimi alloys such as Nitinol or aliuninum alloys such as Tinal alloy BB. 
In the apparatus of the invention, a separate wire is used for moving said radiation sour- 
ce which is the so-called transfer wire. This transfer wire can be made from the same 
^ materials as the guide wire and is preferably mec^ianically and/or magnetically linked to 
the radiation sotirce. The guide wire is used for directing die catheter only. 

The apparatus of the invention may further comprise a containment vessel for a storage 
of the radiation source and/or the individual^ seeds and for shielding the patient to be 
treated and the medical personal from exposure to irradiation during introduction and re- 
traction of the catheter. The containment vessel preferably is in flow communication 
with the catheter, although it can be constructed as a separate or separable part to allow 
for separate storage and/or disposal. 

The apparatus of the invention may further comprise a x-ray fluoroscopy device for 
monitoring the radiation source as, for example, described in US-A-5,833,593. This 
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its proximal end. la this embodiment the radiation source is introduced in the catheter 
lumen at its proximal end and pushed by use of the transfer wire to its distal end. After 
the predetermined treatment time, the radiation source is retracted by pulling out the 
transfer wire from the catheter. Alternatively, the radiation source may be engaged with 
the transfer wire at its distal end and may be pulled by said guide wire to the distal end 
of the catheter and pushed back to the proximal end portion dviring retracting of the 
soxirce. 

In case of a radiation source comprising magnetic seeds, movement of said radiation 
source in steps (c) and/or (e) may be achieved by applying an external magnetic field. 
Alternatively in this case the transfer wire may comprise a magnet to magnetically push 
or pull the radiation source in step (c) and/or (e). In the preferred embodiment the 
transfer wire itself is magnetic. 

In case of the seeds being linked to each other by male and female means for coupling, 
the transfer wire may comprise a male or female means for coupling and the radiation 
source may be linked to the transfer wire at its distal or proximal end through the com- 
plementary means for coupling on the terminal seed thereof. 

Separate wires are used for moving said radiation source (transfer wire) and for directing 
the catheter (guide wire). 

Due to the use of a catheter having a single lumen for receiving the radiation source 
only, the inner diameter of said lumen can be increased as compared to catheters 
comprising several of such limiens. Accordingly, larger seeds may be used. This allows 
for including higher radiation dosages in each single seed. Use of a single limien further 
allows for a central arrangement of the catheter and thus of the radiation source within 
the vessel. Thereby imiform and homogeneous irradiation of the surrounding tissue is 
achieved. Due to the seeds being direcfly linked to each other and due to flexible 
linkage, no gaps in the irradiated field occur and thus the radiation source needs not be 
moved during treatment i.e. no "stepping treatment" is required to obtain the 
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homogeneous radiation over the entire segment «f .1, 

i-proves control of the treaUnent. ^""^ ^ 

Although being described with respect to the preferred emhnH- 

tion is not to be consid.„vi r v . u embodiments above, this descrip- 

10 De considered hmited thereto and the skiUed worker win 
possibility Of several variations of the invention as defied 

without deviating from its scope. appendmg claims 
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CLAIMS 



1. Radiation source for use in endovascular radiation treatment which comprises one 
or more treating elements (seeds) comprising a radiation emitting element, and 
means for containment of said radiation emitting element, wherein said seeds are 
sequentially, directiy and movably linked to each other and/or to a transfer wire. 



2. Radiation source of claim 1, wherein the means for containment is a capsule. 

3. Radiation source of claims 1 and 2, wherein said means for containment com- 
prises a metal selected from the group consisting of stainless steel, Ag, Pt, Ti, 
Ni, Fe, Mn, Cr, Mb, Co, Au or their alloys or a casing coated with these metals. 

4. Radiation source of the proceeding claims, wherein the seeds have an elongated 
shape. 

5. Radiation source of claim 4, wherein the central axis of the radiation source 
essentially parallels the elongated axis of the seeds. 

6. Radiation source of the preceeding claims, wherein radiation emitting element 
comprises any a-, jS- and/or 7-emitting substance. 

7. Radiation source of claim 6, wherein radiation emitting element comprises one or 
more radioactive materials selected from the group consisting of Cs^^, Co^, Sr^, 
Y^, Au^^*, Pd*<», Se^^ Sr«^, Ru^°^, P^, Ir^« Re^^*, W^^^ and V^. 
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8. R«.iado„ source according .o date 1 ^ 7. wherem s«b a„ Itoked by 
magnetic forces to each otlier and/or to die transfer xmt. 

9. Radiation source of cbim 8. wherein said means for containment comprises a 
magnetizable or magnetic material. 

10. Radiation source of claims I to 9, wherein the seeds have rourKied or spherical 
end caps on one or both ends. 

n. Radtaion source acceding to one of claitns 1 to 8, wherein Ae seeds are me- 
chamcally linked. 

12. Rad«aon source according „ elaim U. wherein d,e seeds are >inlc«, me- 
Chamcally and magnetically. 

13. R^on source according .0 Cairn 1. or 12. wherein d» seeds comprise male 
and female means for coupling, which female means for co^„ing receive the 
"»le meam for coupling of the following or pteceeding seed in the radiation 

source to form a flexible joint. 

14. Radiation source of ctaim 13. wherein nple >M female means for coupling are 
on opposing sides of the seed. 

15. Radiation source of claims 13 or 14. whetein dte male means for coupling com- 
vr^ a head and optionally a spacing member and the female means for 
Moplmg comprises a receiving section for the head. 

16. R^ation source of claims .3 or .4. wherein the male means for coupling is a 
hook and die female means for coupling is a second hook or a loop. 

17. Radiation source of claims 13 to 15, wherein d,e male means for coupling com- 
P«es a spacing member and a spherical head a«l the receiving section of d,e 
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female means for coupling is formed by extensions of the means for containment 
defining a hollow space having a recess to receive the spacing member when the 
head of the male means for coupling is placed m die hollow portion of said 
female means for coupling* 

Radiation source according to claim 11 or 12, wherein the at least two seeds are 
linked to each other by way of a flexible single joining member extending 
throughout the length of the radiation source. 

Apparatus for endovascular radiation treatment, comprising an elongated catheter 
having a proximal end portion, a distal end portion and a Iimien extending there- 
between for receiving a radiation source, optionally a guide wire in a separate 
lumen, and a radiation source which comprises one or more treating elements 
(seeds) comprising a radiation emitting element and means for containment of 
said radiation emitting element, wherein said seeds are sequentially, directly and 
movably attached to each other and/or to a transfer wire. 

Apparatus of claim 19, wherein a radiation source according to claims 1 to 18 is 
used. 

Apparatus of claims 19 to 20, comprising a containment vessel for the riadiation 
source and/or the individual seeds. 

Apparatus of claims 19 to 21, comprising a x-ray fluoroscopy device. 

Apparatus of claims 19 to 22, comprising a magnetic means. 

Method for vascular radiation treatment comprising the steps of 
(a) directing an elongated catheter having a proximal end portion, a distal end 
portion and a lumen extending therebetween for receiving a radiation 
source, to the selected site to be treated preferably by way of a guide 
wire in a separate lumen. 



21 



(b) 



« d.) comprising a radiato cmiuing el.™.„. and ™can, for 
co„ca« 0, .diauon cmitUng Cen^., ^ 
d.ec.y and n,ovab.y a«.ci^ «, each otter and/or «, a »ansfe. wire and 
wh,ch can be moved toough ^ of cafl,e,er. ^^,y ,y ^ 
of a transfer wire, / «^ 

moving :adia«on source n, said di.^ end por«on p^ferably by use 
Of a transfer wire, ^ j 

main^ning said radiaUon source a. said dis«, end fcr a determined 
period of time, and 

retracting said radiation source to the nrnTimoi ^ ^ 

lo me proximal end portion preferably by 
use of a transfer wire. ^ 

"diKved by pushing or puJIing the radiation source. 

PU^S and satd movement in step (e) is achieved by pulling said radia^on 



(c) 
(d) 
(e) 



27. Method Of Cairns 24 to 26. wherein the seeds are linlced to each other by mag 
pTrr^ .e transfer wire comprises a m^net to magnetically IZ 
pull die radiation source in step (c) and/or (e). 

38. Method of cUims 24 u> 26. wherein the radiadon source is moved by applying an 
external magnetic field. PP»yxngan 

29. Method of Claims 24 to 26. whetein the t^nsfer wire comprises a male or female 
means for „„p,i„g and the radiation sourt. is lin.^ . d,e „^ 
^ent wiU, the complementary means «,r coupling on the terminal seed *e^. 
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30. Method of claims 24 to 29, wherein a radiation source according to one of claims 
1 to 18 is used. 
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Abstract 



According to the invention there is provided a radiation source for use in endovascular 
radiation treatment which comprises one or more, preferably at least two treating 
elements or seeds comprising a radiation emitting element and means for containment of 
said radiation emitting element which radiation source is characterized in that said seeds 
are sequentially, directly and movably linked to each other and/or to the transfer wire. 
Thereby the seeds form a flexible radiation source. The seeds may be linked to each 
other by magnetic forces and/or may be mechanically linked, e.g. by male and female 
means for coupling or by a joining member extending throughout the entire length of the 
radiation source. There is further provided an apparatus for endovascular radiation 
treatment comprising an elongated catheter, optionally a guide wire in a separate lumen 
and the radiation source as defined above. According to another aspect there is provided 
a method for endovascular radiation treatment comprising the steps of directing an 
elongated catheter to the selected side to be treated, introducing a radiation source as 
defined above into the catheter at its proximal end portion, moving said radiation source 
to the distal end portion of the catheter preferably by use of a transfer wire, maintaining 
said radiation source at that distal end portion for a determined period of time and 
retracting said radiation soiirce to the proximal end portion of the caOieter preferably by 
use of a transfer wire. 
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